This patient, on admission, presented with a tentative diagnosis of myocardial infarction: the electrocardiogram showed a nonspecific ST-segment and T-wave abnormalities, and total creatine kinase (CK; EC 2.7.3.2) activity was slightly increased (238 U/L). However, a high electrophoretic value for CK-MB (50% of total CK activity) and the electrophoretic pattern of lactate dehydrogenase (EC 1.1.1.27) isoenzymes ruled out myocardial infarction. The isoenzyme migrating as CK-MB was found later to contain no immunologically normal CK-M subunits, and it was bound to lgA. A mixture of the patient's serum and a human serum control containing all CK isoenzymes showed altered electrophoretic mobility only for CK-BB, indicating that the patient's serum contained antibodies to the B unit of CK. Elution from a Sephadex G-200 column showed that the peak at which most of the anodic CK was eluted corresponded to a molecular mass of approximately 200 kDa. Evidently this atypical isoenzyme was an lgA-CK-BB complex. Because this macro CK type 1 can mimic CK-MB, it may therefore be a source of confusion.
(MCK-2) or 'mitochondria1
CK" (CK-mit), was first described by Jacobs et al. (11) . Some investigators have tried to make chemical use of this isoenzyme, finding MCK-2 in the sera of patients with acute myocardial infarction and severe shock (12, 13) and in the serum of some patients with cancer (14-16).
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The presence of CK-MB (10-15% of total CK activity) was recently described in patients not suffering acute myocardial infarction (17, 18).
So far, most of the cases described with atypical CK isoenzymes were detected in patients who had increased serum CK activity, but this increase was brief.
Here we describe studies of such a CK isoenzyme, detected in a patient who had a slightly high value for total serum CK activity on admission to the hospital. The atypical isoenzyme migrated to the same position as CK-MB isoenzyme on electrophoresis, but instead of being "true" CK-MB it turned out to be an immunoglobulin A-CK-BB complex. We describe the characterization of the complex as well as its persistence independent of the total CK activity in serum.
Case History
A 59-year-old man was admitted to the hospital complaining of moderately severe chest pain after physical effort. He had been slightly hypertensive for the past five years, and had been a heavy smoker and drinker until a few years before. An electrocardiogram taken at that time revealed a nonspecific ST-segment and T-wave abnormalities. Neither electrocardiographic changes nor chest pain was observed during his stay at the hospital.
Four weeks after he left the hospital, the results of a physical examination were unremarkable. His family history and his biochemical test results at that time were also unremarkable.
Results of laboratory tests were within normal limits at the time of admission, except for total CK activity, 238 U/L (reference interval 25-195 UIL). This value remained above normal limits until 48 h after admission (445 U/L), an increase explainable by release of skeletal-muscle isoenzyme (CK-MM). On the fourth hospital day, total CK activity decreased to within normal limits. No further changes have been observed subsequently.
Electrophoresis of CK isoenzymes revealed two bands: the most anodic band (CK-MB?) accounted for 42% (99.7 U/L) of the total CK activity (238 UIL). This high percentage of apparent CK-MB, together with an unclear cardiological history, suggested making further investigations before diagnosing a myocardial infarction.
Analysis for total serum lactate dehydrogenase (LD; EC 1.1.1.27) activity and agarose gel electrophoresis of LD isoenzymes gave no abnormal results. The LD1/LD2 ratio was <1 (i.e., was not "flipped"), which suggested that myocardial infarction was unlikely.
The patient was subsequently discharged without any further complication. Nevertheless, his CK isoenzyme pattern was unchanged from that seen at the time of admission. Lactate dehydrogenase assays and other biochemical tests were also performed with the Hitachi-717 analyzer, all according to the manufacturer's instructions. The CK isoenzymes were separated by electrophoresis on agarose gel as described elsewhere (20) . The reagents, controls, and apparatus for electrophoresis, including the Model 720 fluorometer, were purchased from Corning Medical Ltd., Halstead, U.K. The LD isoenzymes were separated by use of the same technique and apparatus.
IT
To identify the CK isoenzyme bands that contained M subunits (CK-MM or CK-MB), we treated the serum sample with antibodies to subunit M for 5 miii at room temperature, then precipitated the M subunit-antibody complex with a second antiserum for another 5 miii at room temperature (these antisera were from Roche Diagnostics, Nutley, NJ 07110). We then electrophoresed, as above, the supernate remaining after precipitation. The absence of an initial band indicates the presence of M subunits; the presence of other bands indicates the absence of M subunits in them.
To determine which type of immunoglobulin was bound to the CK isoenzyme, we mixed 100 ,uL of serum with 100 pL of rabbit anti-sera (Atlantic Antibodies, Scarborough, ME 04074) to human IgA, 1gM, or IgG; incubated at room temperature for 15 miii; centrifuged (9500 x g, 15 miii); and then electrophoresed on agarose. The absence from any tube of material corresponding to the band that migrates in CK-MB would enable the identification of an IgA-, IgG-, or IgM-CK type 1 complex.
To estimate the molecular size of the complex, we fractionated 1 mL of serum on a 40 x 1 cm column of Sephadex G-200 (particle size range 40-200 m; Pharmacia, Uppsala, Sweden), equilibrated, and eluted at room temperature with Tris buffer (50 mmol/L, pH 7.4) at the rate of 12 mL/h. We collected 0.5-mL fractions with a fraction collector. The void volume of the column (fraction 21, 10.5 mL) was determined with Blue Dextran (Pharmacia Fine Chemicals, Uppsala, Sweden).
We could measure the CK activity of the different fractions by increasing the amount of the sample in the assay. Of the total CK activity applied to the column, 92% was accounted for.
The standards we used to estimate molecular mass were albumin, IgA, and IgG.
Results
The values for total CK in the patient's serum samples that were collected at the time of admission, on the second day, and three and seven months later were 238,445, 159, and 190 UIL, respectively. Electrophoresis of different samples and a control revealed two bands in all sample lanes, moving in the same position as CK-MM and CK-MB, and three bands in the control, including CK-BB (Figure 1) . The percentage of the most anodic band of CK activity (CK-MB?) was about 25% of the highest value of the total CK activity and 65% of the lowest value of total CK activity of the patient. This indicated an atypical CK activity of 80-110 UIL (mean 95 UIL). Neither of the bands was visible when the same sample was incubated with the CK-isoenzyme substrate without creatine phosphate after electrophoresis; therefore, the bands did indeed represent creatine kinase activity. Figure 2 shows the CK activity of the electrophoretic bands of samples taken at different times from the patient. The band migrating as CK-MB maintained a reasonably constant value for CK activity, independent of the total CK activity of the samples. The CK activity belonging to the most anodic band was too high and persistent (at present, longer than seven months) to be CK-MB. Therefore, we electrophoresed LD isoenzymes, but saw no LD1/LD2 >1.0 (the classical "flipped ratio).
To determine if this anodic CK fraction contained M or B subunits, we incubated serum from the patient with antibodies to CK-M and determined the isoenzymes in the supernate. The same experiment was performed with a control containing CK-MM, CK-MB, and CK-BB. Figure 3 shows the results. After immunoprecipitation of the control with anti-M antibodies, CK-MM and CK-MB were immunoprecipitated; but CK-BB was unaffected. Precipitation of the patient's CK activity with anti-M antibodies had no effect on the electrophoretic mobility of the anodic band that migrated on CK-MB, whereas the CK-MM isoenzyme was completely eliminated.
Evidently this anodic band contained no M subunits. Therefore, if it was not CK-MB it could be a complex of CK-BB isoenzyme with another constituent of serum, as previously described (7, 10,21) .
After precipitation with CK-M antibody, the CK activity of the supernate was 79 UIL (total CK activity 120 UIL), which corresponded exactly with the activity of the most anodic band. Figure 4 illustrates the results obtained in the experiment done with the patient's and normal serum, both mixed with control serum. It shows the affinity of CK-BB from the control with the anodic band of the patient's serum, thus confirming the presence of a CK-BB complex. In contrast, electrophoresis of the normal serum plus control did not result in a shift in any band. Figure 5 shows the elution profile of the patient's serum on chromatography on a Sephadex G-200 column. The normal-size dimeric CK with a mean activity corresponding to 50% of the total CK activity was eluted in fractions 32-43 (peak fraction, 38). The other peak, which corresponds to an immunoglobulin-CK-BB complex, was eluted in fractions 19-31 (peak fraction, 25). We estimated the molecular mass of these peaks of CK activity by sizeexclusion chromatography, using protein standards with known molecular mass. The slowest peak (the second) corresponded to an average molecular mass of 87 kDa, and it should contain CK-MM (theoretical Mr, 80 kDa). The first peak corresponds to an average M of about 191 kDa. To characterize the nature of the immunoglobulun-CK-BB complex, we measured the concentration of IgA, IgG, and 1gM in the different fractions from the column. We incubated material corresponding to this peak and the patient's serum with antibodies to IgA, IgG, and 1gM, using a normal serum as control. The peak that corresponded to IgA showed a molecular mass of about 164 kDa (theoretical Mr 160 kDa).
We measured CK activity of fractions from the column, increasing the volume of the sample to 20 L, the maximum permitted in the Hitachi-717 analyzer. Before elec-
trophoresing the eluted peaks with CK activity, we concentrated fractions 24-28 and 36-40 in a Minicon concentrator (Amicon Corp., Lexington, MA 02173). The peak that was eluted closer to the void volume (fractions 24 to 28) showed a single band, migrating in the agarose gel identical to CK-MB, which correspond to the immunoglobulin-CK-BB complex. The other concentrated peak also showed a single band, but its mobility was similar to that of CK-MM (Figure 6 ).
After treating
with antibodies to IgA, IgG, and 1gM the patient's serum and the material corresponding to the peaks eluted from the Sephadex G-200 column, we observed that the CK activity of the peak corresponding to material with the highest molecular mass was inhibited, totally or partly, by the presence of anti-IgA antibodies and that the rest of the anti-immunoglobuhns had no effect. When we treated the patient's senun with anti-IgA, we obtained the same results: the most anodic electrophoretic peak disappeared (Figure 7) . This indicates that the IgA-CK-BB complex is responsible for the band that migrates like CK-MB in electrophoresis and is eluted in the peak corresponding to material with an Mr of 191 kDa. This Finally, Figure 8 shows a summary of the different CK isoenzymes in the electrophoresis.
DIscussion
The most common cause of increased CK-MB is acute myocardial infarction, but increased CK-MB does not necessarily indicate acute myocardial infarction, because this isoenzyme is also present in other tissues (17, 18,22,23) .
Determination of LD isoenzymes has become routine in assessing myocardial damage and confirming a diagnosis of acute myocardial infarction (24) (25) ; such determination is even more important if the CK-MB activity is very high and persistent.
Our finding of what was thought to be a high CK-MB activity in a serum sample with a total CK activity that only slightly exceeded the reference interval, as well as an LD1/LD2 ratio of <1 (not finding the classical "flipped" LD ratio), prompted us to undertake its characterization as a macro CK type 1.
Binding of an enzyme to an irnmunoglobulin has already been described for other enzymes, including amylase (26) and lactate dehydrogenase (27) .
Type 1 CK complexes have been identified as CK-BB bound to IgG (28), IgA, or 1gM (29), CK-MM bound to IgA (30), and CK-MB bound to IgG (27, 31). Although the electrophoretic mobility of these fractions is usually between that of CK-MM and CK-MB or CK-MB and CK-BB (8), an IgA-CK-BB complex that migrated as CK-MB was reported in an elderly woman with chest pain (7) . The atypical CK complex we describe here migrated as a CK-MB and constituted a high percentage of the CK activity in the serum sample, independent of the total activity ( Figure 2 ). We demonstrated that this fraction was not the typical CK-MB isoenzyme, because it was not inhibited by the CK-M antibody. Mixing of the serum sample of the patient with a control that contained the three CK isoenzymes, CK-MM, CK-MB, and CK-BB, and electrophoresing demonstrated that the patient had an excess of antibody specific for CK-B in his serum, which altered the electrophoretic mobility only of CK-BB, not CK-MM.
The finding of a peak for CK activity after the elution of the patient's sample serum from a Sephadex G-200 column, a peak corresponding to material with an estimated molecular mass of 200 kDa, suggested the possibility of an immunoglobulin-CK-BB complex migrating as a single band in a position identical to that for CK-MB on agarose gel electrophoresis. The disappearance of this in the presence of anti-IgA antibodies indicated that the atypical CK isoenzyme could be considered to be an IgA-CK-BB complex, especially because the atypical peak was unaffected by antibodies to 1gM or IgG.
Most reported CK-type 1 and type 2 isoenzymes were found in cases of malignant tumor (32) or in patients with some other kind of disease (33). As for other enzyme-linked unmunoglobulins, there seems to be no clear correlation with specific diseases (34).
Although an atypical CK isoenzyme in a patient's serum may persist for a long time (up to one month and a half), the "in vivo" existence of CK-BB activity within the ixnmunoglobulin-CK-BB complex is usually extremely transient and, in turn, it seems obvious that this is a mechanism for the inactivation of serum CK-BB. Morn (35) showed that creatine kinase activity disappeared in vitro from serum at rates similar to those reported in vivo, and he concluded that OK inactivation must primarily be thermal in nature. Prabhakaran et al. (1) describe a theory based on a catabolic route by which CK-BB activity is eliminated from blood.
In conclusion, we have described an atypical macro CK-type 1 isoenzyme that migrates like CK-MB, and, like the macro CK-type 2 we previously described (16), it was found in serum of a relatively healthy person.
The IgA-CK-BB complex described in this report has substantive differences from others described so far:
(a) It had the highest CK activity yet described when one considers that the patients' total CK activity was within the normal reference interval (25-195 UIL) or only slightly increased the first three days after admission (maximum activity 445 UIL), and this could be explained by previous physical effort.
(b) The atypical IgA-CK-BB complex had a reasonably constant CK activity, 85 to 110 U/L, and it persisted in the serum for a long time.
(c) This case illustrates a disadvantage of using electrophoresis to quantify CK isoenzymes: electrophoretic mobility is nonspecific and therefore fluorescence in the MB region may not be due to CK-MB activity. In those cases in which a high CK isoenzyme activity appears, one should electrophorese the LD isoenzymes, looking for the LD1ILD2 >1 ratio, if one is to be sure of the diagnosis of acute myocardial infarction.
(d) We investigated this patient's immediate family in the same way and found no atypical type 1 isoenzymes.
Hitherto, atypical CK isoenzymes have been described in patients with tumors, and these tumors are probably the source of this isoenzyme. In our case, the patient was clinically healthy, with normal CK activity, but the complex was present in his serum for an unusually long time.
